Background: The Rockwood frailty index (FI) has proven a valid predictor of mortality,
Introduction
Indicators of frailty, such as the Rockwood frailty index (FI) (1) and the Fried phenotypic frailty model (2) have proven to be valid predictors of adverse aging outcomes, such as mortality, increased health care utilization, falls, fractures and disability (3) .
Institutionalization is also a sequel of frailty; a recent meta-analysis demonstrated that both frailty and pre-frailty are independent predictors of nursing home placement among community-dwelling older adults (4) . In addition to its economic and societal level implications, institutionalization is associated with negative psychological impacts, and loss of both autonomy and well-being (5), thus calling for measures to prevent the development of dependency. Difficulties with activities of daily living (ADL) and cognitive impairment are strong risk factors for nursing home placement (6) , however they are difficult to reverse once fully established. Hence, frailty presents a target that is amenable to intervention, as it has been shown to be reversible by several approaches, such as exercise, nutrition, cognitive training and prehabilitation (7) .
However, thus far very little attention has been paid to ascertaining whether frailty is also predictive of receiving care in home settings -a manifestation of dependency.
Addressing this issue is relevant to many societies today where aged individuals live in their own homes or in assisted housing until the last years of life and are provided with the care they need at their residence. Hence, this study was undertaken to analyze if a Rockwoodbased FI could predict the current and future need for formal or informal care, and hence provide an early risk marker for dependency. We also compared how the FI performed in predicting the outcomes in relation to multimorbidity and the ADL score.
Methods

Sample
The Swedish Adoption/Twin Study of Aging (SATSA) is a longitudinal population-based cohort of same-sex twin pairs reared together and reared apart (8) drawn from the Swedish Twin Registry (9) . The sample used in this study (n=1477; 623 men, 854 women; aged 29-95 years) consists of those individuals who participated in the second questionnaire wave in 1987 when relevant questions that allow for the creation of a Rockwood-based FI were available.
Since then, there have been 15 questionnaire and in-person testing waves through 2014. The timeline of these data collection and sampling procedures have been previously described in detail (10) . The study has received an ethical approval from the Regional Ethics Review Board.
Study variables
Construction and validation of a Rockwood-based FI for the 1987 SATSA sample, herein referred to as the FI, has been previously described (11) . Briefly, it includes 42 self-reported health deficits that cover a wide range of bodily systems (Supplementary Table 1 ) and meet the standard inclusion criteria (1). The FI was assessed by counting the number of deficits and dividing the count by the total number of deficits considered, i.e., 42. In the logistic and Cox regressions, the sum of the FI deficits was used so that the ORs and HRs are interpretable as the risk associated with accumulation of one deficit. Otherwise the sum of the deficits divided by 42 was used.
The need for any kind of care, formal or informal, was elicited identically in all questionnaire waves by asking "Do you regularly, at least once a week, receive help or are looked after"? If "yes", the following question was used to assess the amount of care needed: "How many days per week do you receive help or get looked after by e.g. an immediate family member, relatives, social worker, health staff or similar"? Those reporting the need for care at the study baseline were considered as needing current care, whereas those not reporting the need for care at baseline but doing so at any of the subsequent waves were considered as needing care in the future. According to the amount of care needed at baseline, the individuals were additionally categorized into three groups: those not needing care, those needing care once or twice a week and those needing care ≥3 times a week. Time to the onset of care was assigned at the first report of needing care up until the seventh questionnaire wave 
Statistical analyses
To analyze whether the amount of care needed at baseline (i.e., the 3-level categories) was associated with the FI, the Kruskal-Wallis test was used. Logistic regression was used to assess the relationship between the FI and current care status, whereas Cox regression was used for the future need for care. For both outcomes, the reference category was those not needing care. In the Cox model, those who did not report needing care, but dropped out of the study or died during follow-up were censored at the time of these occurrences. Proportionality of the hazards was verified by producing a time-interaction term for the final model variables.
Age at baseline, sex, BMI, education, smoking status and living alone were used as covariates for both approaches. All variables were first tested for their univariate associations and variables that remained significant in the multivariate models were considered in the final model. A co-twin control approach was used to test whether the associations for both current and future need for care remain after controlling for genetic and familial confounders (see Supplementary Methods). To compare the discriminative power of the FI alone to the combination of multimorbidity and the ADL score, we ran additional models for both current and future care where the FI alone (the FI only model) or only multimorbidity and the ADL score together were considered as predictors (see Supplementary Methods).
In all models, presence of twins i.e., clustering of the data in twin pairs was accounted for using clustered robust standard errors for the coefficients. P-values <0.05 were considered statistically significant. Statistical analyses were performed using Stata version 14.1 (College Station, TX: StataCorp LP) and R version 3.3.0.
Results
Characteristics of the study population are presented in Table 1 . Distribution of age for the total sample and for those needing care either at baseline (current care) or in the future is presented in Supplementary Figure 1 . The amount of care needed at baseline was directly associated with the FI level: the highest levels were observed among those who needed care ≥3 times a week (Supplementary Figure 2) . Of the tested covariates, all but BMI showed univariate associations with the current need for care (Table 2 ) and all but sex showed univariate associations with the future need for care (Table 3) . Only baseline age, the FI and living alone remained significant in the corresponding multivariate logistic model (Table 2) and baseline age and the FI remained in the corresponding multivariate Cox model (Table 3 ). 
Discussion
The results of this study of Swedish adults and old individuals demonstrate that the FI predicts both current and future care needs, independent of age, sex, education, smoking, BMI and living alone. The association was stronger with the current need for care than with the future need for care. Despite the rather low number of twin pairs available for co-twin control analysis, this approach further verified these results; the pair member currently needing care had higher FI compared to the co-twin not needing care, and the pair member having higher baseline FI had shorter time to the onset of future care need compared to the co-twin with lower FI. Thus, the FI appears to indicate not only the current state of vulnerability associated with dependency but also to reflect the path leading to dependency in the future.
Age at baseline was also independently associated with both current and future need for care yet interestingly, the risk conferred by an increase of one FI deficit was relatively greater than that for a one-year increase in age. For both care outcomes, the predictive accuracy attributed to the FI alone was greater than that of the combination of multimorbidity and ADL score. Higher FI was also associated with increased amount of care needed currently, yet larger samples are needed to verify whether a dose-response relationship exists between the FI and the amount of care needed.
To the best of our knowledge, only one previous study has assessed the relationship between frailty and the need for care. Both frailty and pre-frailty predicted nursing home placement in pooled data from five studies with follow-ups from 10 months to 4 years (4). Disability among the frail was speculated to explain this relationship, but none of the included studies adjusted for it.
However, finding early modifiable indicators of dependency -a precursor of nursing home placement -may prove more useful, as disability is difficult to reverse. In this respect, frailty may provide a suitable target as it has been shown to be responsive to several types of interventions (7) . In addition, in societies, such as Sweden that are increasingly encouraging older individuals to live in their own homes instead of nursing homes (13) , it may be more pertinent to focus on identifying the determinants for care needs regardless of housing form.
The amount of home nursing has also been shown to predict permanent nursing home admission (14) . Hence, our findings on the predictive performance of the FI may be of interest when considering modifiable risk factors for dependency and identifying the individuals at greatest risk for permanent nursing home placement.
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